Introduction {#Sec1}
============

Patients with a hematological malignancy are a heterogeneous patient population who are afflicted with diseases that range from rapidly fatal acute leukemia to indolent lymphoma or chronic leukemia. Treatment options for these patients range from observation to hematopoietic stem cell transplantation (HSCT), but all patients are more susceptible to infection. The problem of infection is dynamic with continued shifts in pathogenic organisms and microbial susceptibilities, new treatment regimens that further diminish immune function, and patients receiving treatment who are now older and frailer. The classic patterns of immunodeficiency for patients with a hematological malignancy include: periods of profound neutropenia, increased iatrogenic risks (i.e., central vascular catheters), and cellular immune suppression that affects HSCT recipients, patients with lymphoid malignancies, and those receiving treatment with corticosteroids or agents like alemtuzumab \[[@CR1]--[@CR4]\]. Recent advances in antimicrobial drug development, new technology, clinical trial results, and further clinical experience have enhanced the database on which to make infection prophylaxis and treatment decisions. However, the practicing clinician must remember that the majority of basic infection management principles for patients who are neutropenic remain unchanged.

This chapter will focus primarily on the most important bacterial and fungal infections that occur during periods of neutropenia, and will review and update management and evaluation approaches by addressing the following questions. Recommended prophylaxis and prevention approaches for bacterial and fungal infections.The importance of patient-risk stratification at the time of presentation with fever and neutropenia.Initial infections: recommended treatment and management of presumed or documented bacterial infections.Second or subsequent infections: recommended treatment and management of presumed or documented fungal infections.

Fever and Neutropenia {#Sec2}
=====================

Standard evaluation and management principles for patients with fever and neutropenia are applicable to patients with a hematological malignancy, but risk stratification beyond the patient's underlying disease is now a recommended starting point for patients who are neutropenic and develop fever \[[@CR5]--[@CR8]\]. Neutropenia is primarily a consequence of the patients' underlying disease or treatment, although infection (e.g., cytomegalovirus \[CMV\], human herpes virus \[HHV\]-6, HHV-8, parvovirus B19), medication toxicity (e.g., ganciclovir, trimethoprim/sulfamethoxazole, linezolid), or graft rejection following HSCT are also important etiologies. Patients with neutropenia are immune compromised because of the absence of circulating neutrophils, plus the enhanced ability of the patient's endogenous colonizing flora to invade disrupted mucosal and skin barriers and cause infection \[[@CR1], [@CR2], [@CR9], [@CR10]\]. Infection risks are further increased when periods of neutropenia are prolonged because of delayed posttreatment marrow recovery, inadequate antitumor responses, or a relapse of their disease \[[@CR1], [@CR2]\]. The primary sites of infection are limited and include the alimentary tract (i.e., mouth, pharynx, esophagus, large and small bowel, and rectum), sinuses, lungs, and skin. Febrile episodes that occur during periods of neutropenia should be considered infection, but depending on the clinical study more than 40--80 % of such febrile episodes will not have an infecting pathogen identified \[[@CR1], [@CR2], [@CR11]--[@CR13]\].

Bacterial pathogens are responsible for more than 90 % of the "first" neutropenia-associated infections, but there has been substantial evolution in the spectrum of bacterial bloodstream isolates recovered from these patients over the past 30 years \[[@CR14], [@CR15]\]. Herpes simplex virus, cytomegalovirus, and the respiratory viruses (e.g., influenza A and B, parainfluenza, and respiratory syncytial virus \[RSV\]) may also be important initial pathogens or co-pathogens (Table [52.1](#Tab1){ref-type="table"}). Antibiotic-resistant bacteria, yeast, and molds are less frequent "initial pathogens," but are the primary cause of the "second or subsequent" infections \[[@CR12], [@CR16]\].Table 52.1Pathogens causing infection syndromes during the neutropenic periodSyndromeRelative frequency^a^Relative life-threatening potential^a^First feverStaphylococci3+1+Viridans streptococci1+2+Gram-negative bacilli1+3+Respiratory virus1+1--3+Subsequent infectionAntibiotic-resistant bacteria2+Gram-positive cocci1+Gram-negative bacilli2--3+Fungi2--3+3--4+Respiratory virus1+1--3+^a^Frequency and life-threatening potential increase from 1 to 4

Initial bacterial pathogens are frequently gram-positive cocci, and despite a decreased virulence of these pathogens, there is still significant attributable mortality with such infections \[[@CR2], [@CR11]--[@CR13], [@CR16]--[@CR23]\]. Attributable mortality with coagulase-negative staphylococcal bloodstream infections has been reported to be 13.6 % (95 % CI 4.2--22.9 %) and increases to 37.1 % (95 % CI 10--64 %) for bloodstream infections (BSI) caused by vancomycin-resistant enterococci (VRE) \[[@CR24]--[@CR26]\]. Colonization with VRE is a prerequisite for infection and increases the patient's risk of developing a VRE bloodstream infection, and death following allogeneic transplantation \[[@CR27]\]. The incidence of BSI with viridans streptococci for some oncology centers has been significant, and 10 % of such viridans streptococcal infections will be associated with a "toxic-shock"-like syndrome that can be rapidly fatal despite appropriate antibiotics \[[@CR20]--[@CR22]\].

Gram-negative bacilli are still the most virulent bacterial pathogens for patients during periods of neutropenia \[[@CR28]\]. The most common gram-negative bacilli remain *Escherichia coli*, *Klebsiella* spp., and *Pseudomonas aeruginosa*, but the increased use of broad-spectrum cephalosporins and carbapenem antibiotics has increased the isolation of beta-lactam-resistant *Enterobacter* spp., *Acinetobacter* spp., and *Stenotrophomonas maltophilia* \[[@CR29]--[@CR32]\].

Resistance to multiple antibiotics poses a significant problem in planning empiric treatment, and it is critical to understand your institution's specific antibiotic susceptibility patterns. Antibiotic resistance remains most frequent among the gram-positive pathogens, specifically coagulase-negative staphylococci. Transplant recipients and patients with hematological malignancies at the Medical College of Wisconsin in the calendar year 2009 experienced 187 BSI, a rate of 0.289 bloodstream infections/100 patient-days (Table [52.2](#Tab2){ref-type="table"}). Seventy-two percent of these infections occurred during periods of neutropenia, and more than half were caused by coagulase-negative staphylococci. The antibiotic resistance patterns for gram-positive cocci continue to show increasing levels of resistance to beta-lactam and fluoroquinolone antibiotics (Table [52.3](#Tab3){ref-type="table"}).Table 52.2Bacterial bloodstream isolates: MCW 2009Single organism bacteremiasTotal187Coagulase-negative staphylococci103Enterococci19VRE8*Streptococcus* spp.18*Staphylococcus aureus*9MRSA2Gram-negative bacilli26*Pseudomonas aeruginosa*2Atypical mycobacteria5Other7*MRSA* methicillin-resistant *S. aureus*; *VRE* vancomycin-resistant enterococci Table 52.3Antibiotic susceptibility of bloodstream and tissue invasive gram-positive bacterial isolates: MCW 2009Percent sensitiveOrganismCefepimeCiproNafcillinVancoCoagulase-negative Staphylococcus312428100*Staphylococcus aureus*758085100*Streptococcus* sp.641880100AmpicillinVancomycin*Enterococcus faecalis*96100*Enterococcus faecium*2348*Cipro* CiprofloxacinVanco Vancomycin

Pathogens responsible for the "second or subsequent infections" include antibiotic-resistant bacteria and fungi. Wingard et al. reported that *S. epidermidis* (coagulase-negative staphylococci) were responsible for up to 50 % of these "second or subsequent infections" \[[@CR16]\]. The incidence of coagulase-negative staphylococcus infections at this institution was likely due to the frequent use of fluoroquinolone agents as part of the initial empiric antibiotic regimen. Antibiotic-resistant gram-negative bacilli composed an additional 10 %, and the remaining pathogens were fungal. Subsequent infections with the exception of coagulase-negative staphylococci are difficult to diagnose, more resistant to treatment, and associated with the highest rates of morbidity and mortality \[[@CR33]--[@CR37]\].

Evaluation and Management of Neutropenia-Associated Infections {#Sec3}
==============================================================

Effective care for patients with a hematological malignancy must begin with reliance on center-wide infection control programs, infection prevention techniques, and empiric and/or preemptive therapy. There are several recently updated clinical practice guidelines that outline approaches for the prevention and treatment of infection in patients with neutropenia. The recommendations developed by the Infectious Disease Society of America (IDSA), American Society of Blood and Marrow Transplantation (ASBMT), and National Cancer Comprehensive Network (NCCN) are highly concordant and compose three comprehensive clinical guidelines \[[@CR11]--[@CR13]\]. It remains important for oncology centers to customize their practices based on their own patient population, their most frequently utilized cytotoxic regimens, and their local infection and antimicrobial susceptibility patterns.

Infection Control {#Sec4}
-----------------

The single-most powerful infection prevention measure for a patient with neutropenia remains frequent hand washing performed by the healthcare staff, the patient, and the patient's family. Hand washing, while effective, continues to be difficult to fully implement, and the maintenance of a high level of compliance remains a significant challenge \[[@CR38]\]. Hand soap that contains chlorhexidine is recommended, and adds residual antimicrobial effect to the mechanical cleansing that occurs with the physical washing. Antimicrobial hand rubs can be used if soap, water, and sinks are not easily accessible. Alcohol-containing waterless products appear to be well tolerated and effective, but antimicrobial resistance among *C. difficile* has been reported \[[@CR39]\]. Gloves when worn should be put on after entering a patient's room and the hand washing is complete. Gloves should never be used for more than one patient contact. Keeping staff and patient visitors who have respiratory symptoms (e.g., uncontrolled cough and respiratory secretions, conjunctivitis, systemic symptoms) from contact with high-risk patients may decrease the risk of patients acquiring a serious respiratory viral infection. One must remember in constructing isolation approaches that the modes of transmission of respiratory virus infections are both respiratory and direct patient contact. Annual vaccination of healthcare workers against viral influenza is important and strongly recommended.

Patients who become neutropenic are no longer routinely cared for in total sterile environments (LAF \[laminar air flow\] units), but HEPA filtered air with 8--16 air exchanges per hour, and single patient rooms are recommended. Outpatient clinics, waiting areas, and day-hospital facilities should also be well ventilated with air that has been cleansed by high-efficiency air (HEPA) filtration and constantly exchanged. Barrier isolation remains important for patients known to be colonized or infected with a pathogen that is multiply antibiotic-resistant, or has an increased propensity for nosocomial transmission (i.e., VRE, *Clostridium difficile*, respiratory viruses) \[[@CR40]\]. Standardized hand hygiene, maximal sterile barrier precautions, cutaneous antisepsis with chlorhexidine before catheter insertion, antimicrobial catheters, and catheter placement performed exclusively by expert healthcare providers compose a "clinical care bundle" that significantly decreases catheter-related BSI \[[@CR41]\]. Finally, a healthcare team that understands oncology treatment procedures and the importance of minimizing the nosocomial transmission of potential pathogens should deliver the care provided to patients with neutropenia.

Prophylaxis: Bacterial Pathogens {#Sec5}
--------------------------------

The concept of antibiotic prophylaxis has been tested since the 1980s. Most of these studies have demonstrated reductions in the incidence of febrile episodes and the incidence of documented gram-negative bacterial infections \[[@CR42]--[@CR44]\]. The strongest evidence for the efficacy of this approach has occurred when fluoroquinolone antibacterial prophylaxis was tested \[[@CR45]--[@CR47]\]. Despite this body of evidence, previous clinical guidelines have not recommended the use of antibacterial prophylaxis \[[@CR48], [@CR49]\]. Justification for these previous recommendations was based on these trials failing to show patient survival advantage, concerns about drug-associated adverse effects, cost, and the potential promotion of antibiotic-resistant bacteria and fungal overgrowth \[[@CR50]--[@CR55]\].

More recent clinical guidelines developed by the IDSA, ASBMT, and NCCN have modified their recommendations and now support the use of antibacterial chemoprophylaxis for patients who are anticipated to experience prolonged and profound (ANC \<100 cells/ml for greater than 7 days) ­neutropenia \[[@CR11]--[@CR13]\]. Support for the change in recommendations is embodied in a published meta-analysis of placebo- or no treatment-controlled trials of fluoroquinolone prophylaxis that demonstrated a relative risk reduction of 48 % and 62 % in all-cause mortality and infection-related mortality, respectively, for fluoroquinolone recipients (RR 0.32, 95 % CI 0.13--0.82) \[[@CR47], [@CR56]--[@CR60]\]. Antibacterial prophylaxis with levofloxacin as well as ciprofloxacin appears beneficial. Bucaneve et al. reported a significant reduction in the episodes of fever and documented infections when levofloxacin was used \[[@CR56]\].

Allogeneic HSCT recipients and patients undergoing induction therapy for acute leukemia are patient groups that are consistently included in this "high-risk" group because of their anticipated neutropenia. Autologous HSCT recipients may also experience approximately 7 days of neutropenia, but the period of profound neutropenia (\<100/μl) is often less, and consequently these patients maybe at lower risk for serious bacterial infections. The potential for bacterial resistance to fluoroquinolone-based chemoprophylaxis remains a substantial concern \[[@CR59]--[@CR65]\], and individual cancer centers have reported rising rates of resistance with the use of fluoroquinolones \[[@CR58], [@CR59], [@CR61], [@CR65]\]. High utilization of fluoroquinolones in oncology patients has been linked to increases in infections due to fluoroquinolone-resistant gram-positive cocci, and *E. coli* and *C. difficile* enterocolitis, but recent meta-analyses could not confirm this later association \[[@CR47], [@CR58], [@CR61], [@CR66], [@CR67]\]. In two centers, discontinuing routine fluoroquinolone prophylaxis for patients with hematological malignancy led to the prompt reduction in bacterial resistance rates and these changes had no significant impact on infection-related morbidity \[[@CR61], [@CR63]\].

Some experts have advocated adding a gram-positive agent to fluoroquinolone prophylaxis because staphylococci and viridans-group streptococci are frequently recovered \[[@CR45], [@CR46], [@CR68]\]. Combinations of a fluoroquinolone plus antibiotics including penicillins, rifampin, or macrolides have been tested. Some reduction in the incidence of infections due to staphylococci and streptococci has been reported, but the incidence of neutropenic fever and infection-related mortality was not decreased \[[@CR45], [@CR46]\]. These combinations are associated with increased rates of gastrointestinal toxicity, and persistent breakthrough infections with resistant gram-­positive pathogens have resulted in diminished enthusiasm for this approach \[[@CR45], [@CR46]\].

The question of when to initiate and discontinue antibacterial chemoprophylaxis has not been systematically studied. Most clinicians begin prophylaxis treatment on the first day of cytotoxic therapy, or the day following administration of the last dose of chemotherapy. Antibiotic prophylaxis is usually continued until neutropenia resolves, or until the patient develops fever and empiric antibiotics are initiated \[[@CR11]--[@CR13]\].

Prophylaxis: Fungal Pathogens {#Sec6}
-----------------------------

Fungal infections remain the major cause of infection-associated mortality and morbidity among patients with a hematological malignancy or HSCT recipients. Oncology centers continue to report an incidence of fungal infection that ranges from 5 to 20 %, but pathogenic fungal species have changed in the past decade with the increased use of antifungal antibiotics \[[@CR37], [@CR69]--[@CR72]\]

Candida colonization is detected in up to 80 % of patients with hematological malignancy, and will persist throughout treatment unless patients receive azole suppression \[[@CR37]\]. The true incidence or risk of colonization with Aspergillus among patients receiving intensive therapy is less clear. Wald et al. in their study of 2,496 consecutive HSCT patients reported that only 2 % of patients became colonized with Aspergillus after transplant, and only 21 % of patients who developed invasive aspergillosis had colonization detected prior to infection \[[@CR33]\]. However, when Aspergillus colonization was identified, it was highly associated with the development of invasive infection (60 % positive predictive value), and this risk increased further (94 % positive predictive value) when HSCT patients were neutropenic \[[@CR33]\].

Clearly, some cases of fungal infection originate from environmental exposure, and this led in the past to patient management within sterile environments that included HEPA air filtration. Unfortunately, these approaches provided benefit only during the periods when patients were restricted to these clean environments. The use of masks by patients or healthcare workers has not consistently influenced the incidence of fungal infections. This lack of efficacy may in part be due to poor patient tolerance, or the inability of the masks to be a truly effective barrier against fungal spores.

### Primary Prophylaxis of Invasive Fungal Infections {#Sec7}

#### Candida {#Sec8}

Fluconazole prophylaxis is highly effective in reducing *Candida albicans* infections in patients who are neutropenic \[[@CR72]--[@CR80]\]. Fluconazole is well tolerated, and available in both oral and IV formulations. Fluconazole usage has changed the epidemiology of candidemia with a dramatic decrease in infections due to *C. albicans*, but a progressive increase in Candida species (*C. glabrata* and *C. krusei*) that are more resistant to fluconazole \[[@CR37], [@CR81]\]. The threshold incidence of candida infection where fluconazole prophylaxis appears efficacious is in the range of 6--10 % \[[@CR76]--[@CR78]\]. Candida infection rates at this level are consequently seen among patients with hematological malignancy who experience prolonged neutropenia and receive intensive chemotherapy that induces severe oral and GI mucositis. However, invasive candidiasis among lower-risk patient populations is rare, and likely does not merit routine fluconazole prophylaxis \[[@CR11]--[@CR13], [@CR72]\].

The efficacy of fluconazole prophylaxis for allogeneic HSCT recipients has been demonstrated by many trials, but report by Slavin and coworkers noted not only a decrease in the incidence of *C. albicans* infections, but also an improvement in overall patient survival \[[@CR11]--[@CR13], [@CR75]\]. Marr et al. performed a second analysis of this later study cohort, and after more than 8 years posttreatment, survival was still significantly better (68/152 vs. 41/148, respectively), and the incidence of invasive candidiasis and death due to candida infections was still lower for fluconazole recipients \[[@CR82]\]. This clinical benefit of fluconazole was also associated with a decrease in the incidence of Grade 3--4 gut GVHD \[[@CR82]\].

Candida prophylaxis with echinocandins (micafungin, caspofungin, anulidulan) is also efficacious and well tolerated. These agents have the additional potential benefit of decreasing the incidence of invasive aspergillosis among "high-risk" patients \[[@CR79], [@CR83]\]. The high cost of these agents and the need for parenteral administration have been limitations to the more general use of these agents. Yet, echinocandins or IV fluconazole can be very useful in patients with mucositis that precludes compliance with oral medications.

#### Aspergillus {#Sec9}

The need for Aspergillus prophylaxis among neutropenic high-risk patients varies according to the patient's disease and chemotherapy regimen (i.e., induction for acute leukemia or myelodysplastic syndrome, preengraftment allogeneic HSCT). Prophylaxis appears to be beneficial when the baseline rate of invasive aspergillus infection is at least 6 % \[[@CR84]--[@CR87]\].

The historical standard for antifungal prophylaxis for allogeneic transplant recipients has been fluconazole, but this agent does not provide anti-mold activity \[[@CR11]--[@CR13], [@CR74], [@CR75]\]. Oral itraconazole has activity against Aspergillus and a single meta-analysis demonstrated that there was a protective effect with the oral solution of itraconazole at doses of 200 mg twice a day \[[@CR86]--[@CR88]\]. However, itraconazole is not routinely recommended because its prophylactic utility is hampered by the lack of robust clinical trial data, poor patient tolerance, and inconsistent oral bioavailability.

Posacoazole, a broad-spectrum antifungal agent, is active against aspergillus, but available in only an oral formulation, and its absorption is highly dependent upon the concomitant administration of a high fat meal. The drug bioavailability and potential drug interactions can make this therapy more difficult to administer \[[@CR89], [@CR90]\]. However, posaconazole prophylaxis has been shown to be superior to fluconazole or itraconazole for patients undergoing acute leukemia induction or intensive treatment for advanced myelodysplastic syndrome \[[@CR85]\].

Voriconazole, a triazole antifungal agent, has become widely utilized for antifungal prevention for patients at high-risk to develop invasive aspergillus infections. Voriconazole is available in both oral and IV formulations, and this clearly enhances the ease of utilization for patients who otherwise do not require hospitalization. Oral bioavailability of voriconazole or the appropriate dosage of voriconazole to achieve maximum clinical benefit is controversial, and thus serum voriconazole drug level monitoring is now being recommended to aid in clinical decision-making \[[@CR91], [@CR92]\].

Prophylaxis for aspergillosis may be beneficial for patients with acute leukemia who are expected to experience induction therapy-related prolonged neutropenia \[[@CR11]--[@CR13]\]. This antifungal prophylactic benefit has not been established for postremission consolidation therapy for acute leukemia, and thus is not routinely recommended. Posaconazole, when compared as antifungal prophylaxis to itraconazole or fluconazole among adult and adolescent patients (\>13 years of age) receiving induction chemotherapy for AML or intensive treatment for advanced MDS, was associated with more serious adverse events, but significantly decreased aspergillus infections and improved patient survival \[[@CR85]\]. The prophylactic benefit of voriconazole for high-risk patients with hematological malignancies has been inferred from studies of voriconazole in patients undergoing allogeneic transplantation, and only one randomized study in patients with AML or MDS has been performed \[[@CR93]\].

For allogeneic HSCT recipients, antifungal prophylaxis is now routinely prescribed for the first 75--120 days after transplant, or until patients with GVHD can have their immunosuppressant therapy discontinued \[[@CR11]--[@CR13], [@CR72], [@CR94]\]. The justification for this prolonged prophylaxis is based on the understanding that there are three distinct periods of risk for invasive mold infections post allogeneic transplant \[[@CR95]\]. The first period is during the preengraftment neutropenic phase; the second is during the postengraftment period when patients are at highest risk to develop acute and or chronic GVHD that requires immunosuppressive treatment, and the third occurs late after transplant among patients with delayed immune reconstitution and persistent chronic GVHD. Fluconazole while an effective prophylactic antifungal agent for allogeneic HSCT recipients lacks anti-mold coverage and thus its prophylactic efficacy is restricted to preventing invasive candida infections \[[@CR74], [@CR75], [@CR82]\]. However, allogeneic HSCT patients are also at risk for invasive molds, and thus it stands to reason that antifungal agents with activity against molds would provide enhanced prophylaxis, and potentially improve patient outcomes and survival.

A prospective, randomized double-blind trial has recently been reported by Wingard et al. that compared voriconazole to fluconazole as antifungal prophylaxis for allogeneic transplant recipients deemed to be at low-risk to develop an aspergillus infection \[[@CR96]\]. Study participants received prophylaxis beginning pretransplant, and continued to until day 100 after transplant. Analysis of 600 study patients showed equivalent rates of invasive fungal infections, and similar fungal infection-free survival. There was a trend toward decreased Aspergillus infections among voriconazole recipients, but the incidence of medication-associated adverse effects or the need for empiric antifungal therapy was similar in both groups. The reason for this apparent diminished benefit from voriconazole prophylaxis is unclear, but the authors raised concern about the bioavailability of oral voriconazole. The authors also noted that despite the lack of apparent prophylactic efficacy of voriconazole for "low-risk" patients, these data may not be pertinent for patients at "high-risk" to develop invasive aspergillus infection, patients at high-risk to develop significant GVHD, or those patients undergoing transplantation for acute leukemia \[[@CR96]\].

Posaconazole has also been compared to fluconazole in a large randomized, blinded multicenter trial as prophylaxis against invasive fungal infections among allogeneic transplant recipients who had developed severe GVHD \[[@CR84]\]. The risks of developing invasive fungal infections and overall mortality were equivalent for both posaconazole and fluconazole recipients, but patients given posaconazole experienced a lower incidence of invasive aspergillus infections (2.3 % vs. 7.0 %) and death caused by invasive fungal infections (1 % vs. 4 %). Adverse events were similar for both study groups. Winston et al. have confirmed the safety, efficacy, and risk of breakthrough infections when posaconazole was used a prophylaxis for HSCT recipients \[[@CR89]\]. Infection-associated mortality was reported to be low, 3.7 %, and aspergillus infections occurred among only 3 of 106 patients. However, 8 of 106 patients experienced breakthrough candida infections. The majority of these candida pathogens were posaconazole susceptible that raises concern about posaconazole oral bioavailability.

A comparative open label trial of voriconazole and itraconazole in allogeneic HSCT demonstrated a trend toward fewer fungal infections with voriconazole, but survival at days 100 and 180 after transplant was comparable \[[@CR97]\]. There were more adverse gastrointestinal events for itraconazole recipients, and more adverse visual and hepatic events with voriconazole.

Thus the choice of antifungal prophylaxis is not straightforward and before clinicians make this decision they will need to know factors such as a prior history of an Aspergillus infection, the patient's risk for developing GVHD (an important predictor of invasive aspergillosis), patient's primary disease (AML), oral bioavailability of agents prescribed, and cost \[[@CR11]--[@CR13], [@CR72], [@CR94]\]. Additionally, since prolonged durations of neutropenia are associated with the development of invasive aspergillosis, many experts now recommend a mold-active agent for prophylaxis in patients with hematological malignancy who are anticipated to experience prolonged neutropenic periods of at least 10--14 days \[[@CR86]\]. While routine azole drug level monitoring during prophylaxis has not been routinely recommended, low serum levels of the oral mold-active azoles are now well described, and therefore drug level monitoring is becoming a commonly utilized aid for dosing select patients.

The duration of anti-mold prophylaxis in high-risk patients is uncertain. Prophylaxis stop dates for acute leukemia patients generally coincide with myeloid reconstitution. HSCT allograft transplant recipients should receive prophylaxis through at least 75--120 days after transplant, or until immunosuppressive therapy can be discontinued \[[@CR11]--[@CR13], [@CR72], [@CR94]\].

### Secondary Prophylaxis for Invasive Fungal Infection {#Sec10}

A prior history of disseminated candidiasis (e.g., chronic disseminated candidiasis) or invasive mold infection (e.g., aspergillosis) often raises concerns about the patient's suitability for further treatment. Many patients with a previous history of aspergillosis could potentially benefit from additional intensive standard chemotherapy, autologous transplantation, or allogeneic transplantation, but the risk of recurrent infection and death despite antifungal treatment has historically limited many patients' treatment options.

A retrospective review conducted at the Fred Hutchinson Cancer Research Center (FHCRC) reported patients with documented disseminated candidiasis before allogeneic transplantation \[[@CR98]\]. These patients had no appreciable increased risk of recurrent candida BSI after transplantation. These authors concluded that a history of disseminated candidiasis once adequately treated was not a contraindication to allogeneic transplantation. The availability of antifungal antibiotics that are highly effective against invasive yeast now makes this management approach attractive and relatively easy to administer.

Management of patients with a previously documented aspergillus infection has been more difficult. Offner et al. reported that 16 of 48 patients who underwent HSCT with a pretransplant history of aspergillosis experienced a recurrence of aspergillosis posttransplant, and 88 % of these recurrent infections were fatal \[[@CR99]\]. Patients who received effective antifungal therapy as secondary prophylaxis but underwent an autologous rather than an allogeneic transplant had a lower frequency of recurrent infection and decreased infection-associated mortality. The FHCRC experience with transplant recipients with a prior history of aspergillosis was equally discouraging \[[@CR100]\]. Thirteen of forty-five patients, despite secondary prophylaxis with amphotericin B experienced recurrent Aspergillus infection, and all infections were fatal.

More encouraging data have recently been published by deFabritiis et al. and Cordonnier et al. using either caspofungin or voriconazole as secondary aspergillus prophylaxis \[[@CR101], [@CR102]\]. deFaritiis noted that only 2 of 18 transplant recipients with a prior history of aspergillosis had progression or relapse of their invasive fungal infection when caspofungin was administered long-term posttransplant \[[@CR101]\]. Similar encouraging results were reported by Cordonnier et al. \[[@CR102]\]. In this trial the incidence of recurrent or progressive invasive fungal infection was only 6.3 % when the patients received voriconazole as secondary prophylaxis \[[@CR102]\].

Secondary prophylaxis with voriconazole, or caspofungin administered during periods of significant neutropenia (i.e., induction therapy for acute leukemia), or following HSCT should now be routinely used for all patients with a previous history of an invasive Aspergillus infection \[[@CR2], [@CR11], [@CR72]\]. The previous recommendation to use amphotericin B as secondary prophylaxis is no longer appropriate because of its limited efficacy and therapy-associated toxicity. The use of newer agents as primary prophylaxis may make the clinical problem of invasive aspergillus infections less frequent, but when it does occur, patient posttransplant outcomes may be improved with the pre- and long-term posttransplant administration of new antifungal agents with activity against aspergillus.

Evaluation and Treatment of Presumed and Documented Infection {#Sec11}
=============================================================

One must still assume that most episodes of fever and neutropenia are infectious in origin, and that these infections continue to have the potential to be rapidly fatal \[[@CR1], [@CR2], [@CR11]--[@CR13]\]. Despite several decades of study, the basic principles of treatment of fever and neutropenia have remained unchanged with a continued emphasis on empiric therapy at the first sign of infection or the development of fever in the setting of neutropenia \[[@CR1], [@CR2], [@CR11], [@CR13]\].

Signs and symptoms of inflammation and infection are often attenuated or absent in patients who are neutropenic. Infections of skin and soft tissue may lack indurations, erythema, warmth, or pustulation; a pulmonary infection may have no discernible infiltrate on chest radiograph; CSF pleocytosis might be absent in the setting of meningitis; and a urinary tract infection may demonstrate no pyuria. Fever is often the only sign of a serious infection, but it remains important to remember that infection for a small percentage of patients may exist in the absence of fever. In these clinical situations it is critical to begin treatment when these other clinical signs and symptoms of infection develop despite the absence of fever.

A detailed history remains important and should include identification of site-specific symptoms, information about antimicrobial prophylaxis, infection exposures, prior documented infections or pathogen colonization, and coexistence of noninfectious causes of fever. Underlying co-morbid conditions such as diabetes, chronic obstructive lung disease, and/or recent surgeries should also be noted. The physical examination requires a careful search to detect subtle findings, especially at the sites that are commonly infected: skin (especially sites of previous procedures or catheters, such as catheter entry and exit sites or bone marrow aspiration sites), oropharynx (including periodontium), alimentary tract, lungs, and perineum.

Diagnostic tools include blood tests, microbiological cultures, and radiographic studies. Cultures should be obtained of the blood and all apparent clinical sites of infection. The crucial determinant in detecting a BSI is the total volume of blood cultured \[[@CR103]--[@CR105]\]. At least two sets of blood cultures should be drawn, where a "set" consists of 20 ml of blood divided into both aerobic and anaerobic blood culture bottles. Retrospective studies have reported that two blood culture sets detect 80--90 % of bloodstream pathogens, while three or more sets are required to achieve greater than 96 % detection \[[@CR104]\]. In the neutropenic cancer patient, collection of blood culture sets from all central venous catheter (CVC) lumens (if present) and peripheral vein has been recommended \[[@CR11], [@CR13], [@CR106]\]. Yet, some experts question the importance of the additional peripheral vein blood culture, and believe that sets of blood cultures that only drawn from CVC comprise an adequate evaluation \[[@CR13]\]. This latter recommendation which avoids culturing of peripheral blood remains controversial, and it does not provide the blood specimen necessary to help define the role of the CVC in the bloodstream infection \[[@CR107]\]. However, it does eliminate the routine need for peripheral venipuncture, and it decreases patient discomfort and cost. Additional sets of blood cultures may be obtained on each of the next 2 days if fever persists after empiric antibiotics have been started. Blood cultures drawn beyond the initial febrile period should only be obtained based on changes in the patient's clinical status and not just persistent fever. Recrudescent fever after the initial fever has completely resolved in a different clinical entity, and often signals a new episode of infection that requires a clinical evaluation plus additional blood cultures.

Culture of the sites listed next should be guided by clinical signs and symptoms, and not routinely performed. Stool: A stool specimen in a patient with diarrhea should be evaluated for the presence of *C. difficile* toxin. There is limited value for sending stool for bacterial pathogen cultures or for ova and parasite examinations in most patients treated in U.S. hospitals unless there has been recent travel to or residence in endemic areas.Urine: Culture of urine samples is indicated if signs or symptoms of urinary tract infection exist, a urinary catheter is in place, or the urinalysis is abnormal.CSF: Examination and culture of spinal fluid is indicated only if meningitis is suspected. Platelet transfusion should be given prior to lumbar puncture if thrombocytopenia is present.Skin: Aspiration or biopsy of skin lesions suspected of being infected should be performed and submitted for histological testing, gram staining, and culture \[[@CR108]\].Respiratory specimens: Sputum samples are rarely helpful. Lower respiratory tract specimens obtained by bronchoalveolar lavage (BAL) are recommended for patients with an infiltrate of uncertain etiology that is detected on chest imaging. Nasal wash and/or BAL specimens are recommended to evaluate for symptoms of respiratory virus infections particularly during an outbreak or the winter months. These specimens should be tested for the presence of adenovirus, influenza A and B, respiratory syncytial virus, and parainfluenza.

Patients with respiratory signs and symptoms should have a chest radiograph performed to rule out pneumonia. Pneumonia during neutropenia can progress rapidly to respiratory compromise, and therefore should initially be managed in the hospital. The serial determination of the patient's resting oxygen saturation can also be helpful. CT scans of the head, sinuses, chest, abdomen, and pelvis should be performed as clinically indicated. Laboratory studies including complete blood cell counts and determination of the levels of serum creatinine and urea nitrogen are needed to plan empiric antibiotic therapy, and to monitor for the possible occurrence of drug toxicity. These tests should be done at least two times per week, and weekly monitoring of serum transaminase levels is advisable for patients with complicated courses or suspected liver injury.

Risk Assessment {#Sec12}
---------------

The new evaluation tools for patients with fever and neutropenia have been the development and validation of objective schemes to assess the risk of infection-associated complications at the time that patients present with fever and neutropenia. These patients may experience a variety of clinical outcomes, and numerous studies have sought to stratify patients at presentation into those with high versus low-risk for complications of infection \[[@CR109]--[@CR117]\]. In the past, "high-risk patients" were those who had substantial co-morbidities, advanced age, and "in the experience of clinical experts," were expected to experience sustained and profound neutropenia. "High-risk" patients have also been frequently identified based on underlying cancer diagnosis (hematological malignancy vs. solid tumor), or the intensity of treatment (induction therapy for acute leukemia or HSCT vs. conventional cytotoxic chemotherapy). These classifications which were often most helpful in a retrospective manner were also frequently utilized to select the patients who in the future were likely to benefit from antimicrobial prophylaxis.

The Multinational Association for Supportive Care in Cancer (MASCC) developed and validated a risk assessment scheme and scoring method that groups patients with fever and neutropenia into low or high-risks of infection-associated complications and death \[[@CR7]\]. The MASCC score has also been found to be a helpful means to determine which patients require prolonged hospitalization, and those that may be candidates for oral or once-daily IV antibiotic regimens and/or early discharge to complete the antibiotic course as outpatients \[[@CR5]--[@CR8], [@CR115], [@CR116]\].

The MASCC scoring system is a summation of weighted risk factors, including patient age, history, outpatient or inpatient status, acute clinical signs, the presence of medical co-morbid conditions, and severity of fever and neutropenia as assessed by "burden of illness." "High-risk" patients are identified by a cumulative score of \<21 points \[[@CR7]\]. A fundamental difficulty with the MASCC system has been the subjective nature of one of its major criteria: the so-called burden of febrile neutropenia. This measure of how "sick" the patient appears to be on presentation can be confusing \[[@CR115], [@CR116]\]. Despite this apparent deficiency, a large validation study classified 441 febrile neutropenic patients as "low-risk" and only 5 % of these patients developed serious medical complications and 3 patients required readmission for fever or major complications.

MASCC assessment tool factors are relevant for patients with hematological malignancy, but these patients will frequently be scored as "high-risk" for the development of serious complications during fever and neutropenia \[[@CR7]\]. "High-Risk Patients" are those with profound neutropenia (ANC  ≤  100 cells/mm^3^) who are anticipated to extend more than 7 days; and those patients who are already hospitalized when fever develops and/or the presence of co-morbid medical problems including: Hemodynamic instabilityOral or GI mucositis that interferes with swallowing or causes severe diarrheaGastrointestinal symptoms, including abdominal pain, nausea and vomiting, or diarrheaNeurological or mental-status changes of new onsetIntravascular catheter infection, especially catheter tunnel infection that requires immediate catheter removalNew pulmonary infiltrate or hypoxemia, or significant underlying chronic lung diseaseEvidence of hepatic insufficiency (defined as aminotransferase values greater than 5× normal values) or renal insufficiency (defined as a creatinine clearance of less than 20 ml/min).

Duration of neutropenia was not initially included as a criterion for risk in the MASCC assessment scheme, but this is clearly an important factor \[[@CR118]\]. Patients in whom prolonged neutropenia is expected as a consequence of HSCT preparation or induction chemotherapy for AML are almost always judged to be "high-risk". Patients undergoing autologous HSCT or consolidation therapy for leukemia may also experience prolonged neutropenia, but because of the other factors included in the MASCC risk assessment scheme they maybe scored as "low-risk." Finally, a review of the MASCC criteria applied to a large population at one U.S. cancer centers found that the MASCC tool will consistently identify patients with minimal medical co-morbidity short durations of neutropenia (≤7 days) and solid tumors receiving conventional outpatient chemotherapy as "low-risk" \[[@CR114]\].

General Considerations of Management {#Sec13}
------------------------------------

The initial evaluation and management for patients with fever and neutropenia are well outlined in the published clinical guidelines of the IDSA, ASBMT, and NCCN \[[@CR11]--[@CR13]\]. In the latest version of these practice guidelines a neutrophil count of less than 500/μl defines neutropenia; a single temperature of greater than 38.0 °C describes fever requiring clinical intervention, and the goal of initial empiric antibiotic therapy remains the prevention of serious morbidity and mortality due to bacterial pathogens.

A large prospective observational study revealed that 23 % of all febrile neutropenic episodes were associated with bacteremia \[[@CR118]\]. Gram-positive, gram-negative, and polymicrobial bacteremias occurred at a frequency of 57 %, 34 %, and 9 %, respectively. Gram-negative bacteremias were associated with the highest mortality (18 %). Coverage of *Pseudomonas aeruginosa* has largely driven the recommended antibiotic choices for fever and neutropenia because of the high mortality rates associated with this pathogen. A recent study continues to demonstrate that delaying appropriate antibiotic therapy for *P. aeruginosa* bacteremia for 2 or more days is associated with a doubling of the 30-day mortality \[[@CR119]\]. Thus *P. aeruginosa* coverage remains an essential component of the initial empiric antibiotic regimen for patients with neutropenia and fever in the current era \[[@CR11], [@CR13]\].

Despite decades of well-performed clinical trials, no single empiric regimen has emerged as clearly superior treatment of febrile patients with neutropenia \[[@CR11], [@CR13]\]. All effective empiric antibiotic regimens (combination or monotherapy) share the essential characteristics of bactericidal activity in the absence of neutrophils, anti-pseudomonal activity, and minimal toxicity. In recent years, antibiotic-resistant pathogens have become more common, and now pose a significant new challenge for neutropenic and other hospitalized patients \[[@CR120]--[@CR122]\]. Routine empiric coverage of all bacteria is not possible, and therefore the aim should be to provide empiric coverage for the most common and the most virulent pathogens. This may be accomplished with a variety of antibiotic regimens, but the ultimate selection of a particular empiric antibiotic regimen should continue to be based on the risk status of the patient (high vs. low-risk), localizing signs or symptoms of infection such as pneumonia, enteritis, or cellulitis, and the local institution and ­individual patient patterns of bacterial resistance and colonization.

Initial Antibiotics for High-Risk Patients with Hematological Malignancies {#Sec14}
--------------------------------------------------------------------------

High-risk patients usually require inpatient management with IV broad-spectrum antibiotic therapy. Monotherapy with an anti-pseudomonal β-lactam agent such as cefepime, a carbapenem (imipenem--cilastatin or meropenem), or piperacillin--tazobactam are each as effective as multidrug combinations and are recommended as first-line therapy \[[@CR11], [@CR13]\]. A recent meta-analysis reported that β-lactam monotherapy provided significant advantages with fewer adverse events, lower morbidity, while similar rates of survival when compared to β-lactam plus aminoglycoside combinations \[[@CR123]\].

Many centers have found that ceftazidime has become a less reliable agent for empiric monotherapy of fever and neutropenia because of its decreasing activity against gram-negative organisms, and many gram-positive pathogens such as streptococci \[[@CR124], [@CR125]\]. Aminoglycoside monotherapy should not be used for either empiric coverage or pathogen-directed therapy during neutropenia because of the rapid emergence of microbial resistance to this class of agents. Ciprofloxacin monotherapy is not an adequate treatment for febrile neutropenic patients because of its weak activity against gram-positive organisms, especially viridans streptococci \[[@CR126], [@CR127]\]. The combination of vancomycin or clindamycin plus ciprofloxacin may be a suitable alternative for β-lactam-allergic patients \[[@CR66]\]. Double β-lactam regimens are discouraged due to concerns about increased expense and toxicity, and the lack of consistent added clinical benefit \[[@CR128], [@CR129]\]. Cefepime remains an acceptable monotherapy for empiric coverage of febrile neutropenia. A meta-analysis by Yahav and colleagues previously reported an increased 30-day mortality with cefepime treatment (RR 1.41, 95 % CI 1.08--1.84) \[[@CR130]\]. This study raised doubt about the efficacy of the drug, and prompted the U.S. Food and Drug Administration (FDA) to undertake a second comprehensive meta-analysis, using an expanded dataset \[<http://www.fda.gov/Drugs/DrugSafety/PostmarketDrugSafety>\]. The FDA study found no statistically significant increase in 30-day mortality with cefepime (RR 1.20, 95 % CI 0.82--1.76), and thus cefepime continues to be a reliable first-line agent for empiric antibiotic coverage for fever and neutropenia.

Antibiotic-resistant gram-negative bacterial species are now more common pathogens in febrile patients with neutropenia \[[@CR28], [@CR131], [@CR132]\]. Among these resistant organisms, extended spectrum β-lactamase (ESBL) genes that confer a broad range of β-lactam antibiotic resistance, primarily among *Klebsiella* spp. and *E. coli*, are being detected \[[@CR131]\]. Carbapenemase-producing organisms including *Klebsiella* spp. and *Pseudomonas aeruginosa* may also cause infections refractory to imipenem or meropenem \[[@CR132]\]. Recognition of these resistant species requires careful interpretation of hospital and organism-specific antibiograms and pathogen-directed therapy.

Vancomycin is not recommended as a standard part of empiric antibiotic therapy for fever and neutropenia. Despite the predominance of gram-positive organisms as the cause of bacteremia during fever and neutropenia, randomized studies comparing empiric regimens with and without vancomycin have failed to show significant reductions in either the duration of fever or overall mortality \[[@CR133], [@CR134]\]. Coagulase-negative staphylococci, the most commonly identified cause of bacteremia in patients with neutropenia, are considered less virulent pathogens, and can usually be successfully treated once the pathogen is identified \[[@CR133]\].

The primary reason to limit the use of empiric vancomycin is the emergence of vancomycin-resistant pathogens, and the development of colonization with VRE has been associated with the increased use of vancomycin although other antibiotics are also important \[[@CR135]--[@CR137]\]. Despite the risk of developing drug resistance, there are specific circumstances that warrant the empiric addition of vancomycin (or other antibiotics with enhanced gram-positive coverage, i.e., linezolid, daptomycin) to the initial antibiotic regimen (Table [52.4](#Tab4){ref-type="table"}) \[[@CR11], [@CR13], [@CR138]\]. If such empiric therapy is initiated, it should be reassessed and discontinued after 3--4 days of treatment if an antibiotic-resistant organism is not identified.Table 52.4Indications for the empiric addition of gram-positive active antibiotics (e.g., vancomycin, linezolid, daptomycin)•Hemodynamic instability, or other evidence of sepsis•Positive blood culture for a gram-positive bacteria, pending identification and susceptibility testing•Clinically documented serious catheter-related infection•Skin or soft tissue infection at any site•Clinically documented pneumonia•Colonization with methicillin-resistant *Staphylococcus aureus*, penicillin-resistant *Streptococcus pneumonia*, or vancomycin-resistant enterococci•Severe mucositis if patient previously treated with fluoroquinolone antibacterial prophylaxis

In view of the widespread presence of MRSA in both hospital and community settings, there may be for some centers an epidemiological rationale to employ vancomycin as a part of the empiric regimen \[[@CR139], [@CR140]\]. Thus, neutropenic patients who are MRSA-colonized may benefit from the early empiric vancomycin.

Antibiotic-resistant viridans streptococci BSI in patients with neutropenia may result in shock and adult respiratory distress syndrome (ARDS) \[[@CR141]--[@CR143]\]. Gastrointestinal mucositis, ceftazidime use, and prophylaxis with fluoroquinolones have been noted to be important risk factors for the development of these serious infections during periods of neutropenia. Early vancomycin treatment has been reported to reduce mortality, but it is important to remember that monotherapy regimens including cefepime, carbapenems, and piperacillin/tazobactam provide excellent coverage of viridans streptococci and are considered adequate solo agents for febrile neutropenia in patients with oral mucositis, precluding the need for routine vancomycin.

Pneumococci and stomatococci with reduced susceptibility to β-lactam and fluoroquinolone drugs may also cause fulminant infection, but they currently represent a small minority of pathogens affecting patients who are neutropenic \[[@CR144], [@CR145]\].

Vancomycin-resistant enterococcal (VRE) bloodstream infections in the setting of fever and neutropenia are difficult to treat, and are independent risk factors for death for patients with acute leukemia and/or HSCT recipients \[[@CR135], [@CR137]\]. VRE colonization is an important risk factor for subsequent invasive disease, and individual patient patterns of bacterial colonization and resistance must be taken into account when choosing an initial empiric regimen for "high-risk" neutropenic patients \[[@CR11], [@CR13]\].

As with vancomycin, newer gram-positive agents such as linezolid, quinupristin--dalfopristin, tigecycline, televancin, or daptomycin have no proven role in routine empiric coverage \[[@CR11], [@CR13], [@CR146]\]. Some hazards related to the use of these gram-positive agents include the emergence of linezolid-resistant *Enterococcus* spp. and strains of coagulase-negative staphylococci, marrow suppression with linezolid and daptomycin, serum creatine kinase level elevation with daptomycin, and severe arthralgias with quinupristin--dalfopristin \[[@CR147]--[@CR150]\]. Consequently, these agents should be used only for targeted therapy of specific pathogens, or for empiric use in patients with hematological malignancy colonized with VRE who develop fever \[[@CR11], [@CR13], [@CR149]\].

All patients with neutropenia and fever must be monitored closely for infection response, adverse effects, emergence of secondary infections, and the development of drug-resistant organisms. With empiric antibiotics, the median time to defervescence is frequently longer than 5 days \[[@CR151], [@CR152]\]. Persistent fever alone, in an otherwise stable patient, is rarely an indication to alter the empiric antibiotic regimen. Rather specific antimicrobial additions or changes to the empiric regimen should be guided by clinical changes and or diagnostic culture results. Broader decisions about when and how to modify antimicrobial coverage during the course of neutropenia should be based on the patient's risk category (low or high), the source of fever in documented infections, and the clinical judgment about whether the patient is responding to the initial regimen. Once patients have stabilized and in vitro susceptibilities are known for isolated pathogens, antibiotics can often be consolidated to monotherapy with a β-lactam agent that provides adequate coverage for most uncomplicated infections during neutropenia.

The traditional approach to duration of antibiotic therapy for a fever of unidentified etiology has been to continue broad-spectrum antibiotics until the patient is afebrile, and the neutrophil count is \>500 cells/μl with a consistent rising trend. This approach has proven safe and effective over the years, and continues to be based on the belief that while antibiotics are required to control an occult infection during neutropenia, full patient protection only occurs with the return of adequate circulating neutrophils.

Patients with Documented Infection Sites or Bacterial Pathogens {#Sec15}
---------------------------------------------------------------

The duration of antibiotic therapy for documented infections must be based on being able to provide effective eradication of the identified infection \[[@CR151]\]. Duration of treatment for documented infections should consider the following factors: (1) neutrophil recovery, (2) rapidity of response to the antimicrobial therapy, (3) the specific site of infection, and (4) the isolated pathogens. Most uncomplicated bacterial bloodstream and soft tissue infections require 10--14 days of appropriate antibiotic therapy, while bacterial sinusitis and pneumonia require 3--4 weeks of therapy to effectively control these infections \[[@CR11], [@CR13], [@CR152]--[@CR155]\]. More prolonged antimicrobial treatment is often required if the causative pathogen is *P. aeruginosa* or a mold, and antibiotics for these latter infections often must be extended beyond resolution of fever and neutropenia.

Pneumonia in patients with neutropenia should generally be treated as a healthcare-acquired infection according to the recent guidelines from the American Thoracic Society \[[@CR156]\]. Patients with pneumonia who are neutropenic should be considered to be at high-risk for infections with multidrug-resistant pathogens, and initial broad-spectrum treatment with combinations of a β-lactam or carbapenem plus an aminoglycoside or antipseudomonal fluoroquinolone is recommended. The empiric addition of vancomycin, linezolid, or daptomycin is appropriate for severe cases of pneumonia as defined by hypoxia, extensive infiltrates, or suspicion of MRSA as the etiological pathogen. Initiation of inadequate or limited antibiotic regimens for healthcare-associated pneumonia is a major risk factor for excess mortality, prolonged hospital length of stay and must be avoided \[[@CR151]\]. When possible, patients with pneumonia should be evaluated with BAL and biopsy.

For gram-positive bloodstream isolates or for skin and soft tissue infections, the early addition of vancomycin (or linezolid or daptomycin) is recommended until susceptibility results are available for the isolated organism(s) \[[@CR149]\]. Other specific sites of documented infection should be covered according to the potential or identified pathogens. Oral ulcerations or symptoms of esophagitis may represent herpes simplex or *Candida esophagitis* in high-risk patients, so empiric additions of acyclovir and/or fluconazole or other antifungal agents are appropriate. The onset of severe abdominal pain, typically in the right lower quadrant, suggests neutropenic enterocolitis (also referred to as "typhlitis"). A CT scan of the abdomen and pelvis should be obtained for additional evaluation \[[@CR157], [@CR158]\]. Since anaerobes and gram-negative organisms predominate in causing neutropenic enterocolitis, monotherapy with piperacillin--tazobactam or a carbapenem, or a combination of an anti-pseudomonal cephalosporin plus metronidazole, are appropriate antibiotic regimens. There is less evidence for routine additions of vancomycin or an antifungal agent, but should be considered if the patient is hemodynamically unstable \[[@CR11], [@CR13]\]. These patients may benefit from surgical evaluation as a bowel resection maybe required for patients who develop uncontrolled sepsis, bleeding, or ischemic bowel.Table 52.5Central venous catheter-associated infectionsInfectionTreatment/actionEntry site infectionPathogen-specific therapy (consider empiric vancomycin treatment)Tunnel infectionCatheter removal/culturePathogen-specific therapy (consider empiric vancomycin treatment)Bloodstream infectionPathogensTherapyFungi (yeast or mold)Immediate catheter removal and pathogen-specific therapyNontuberculosis mycobacteriaVancomycin-resistant enterococci*Corynebacterium jeikeiumStaphylococcus aureus*Consider early catheter removal and pathogen-specific therapy*Bacillus* sp.*Pseudomonas aeruginosaStenotrophomonas maltophilia*(+) Blood culture with any pathogen persisting \>48 h, no other site of infectionPathogen-specific therapy, consider catheter removal for persistent blood stream infection

Long-term indwelling CVC were initially developed for use in HSCT recipients, but are now the standard-of-care for almost all patients who receive intensive cancer treatment. Catheter-related infections are categorized as entry-site infections, tunnel infections, or catheter-related bloodstream infections (CRBSI) (Table [52.5](#Tab5){ref-type="table"}). The delineation of an entry-site infection from a tunnel infection can be clinically challenging, but the occurrence of an apparent entry-site infection plus a BSI usually indicates that the catheter tunnel is infected. It is now believed that the majority of entry-site infections can be managed effectively with antimicrobial therapy alone, but tunnel infections require catheter removal coupled with modification of the empiric antibiotics based on culture and antibiotic susceptibility results.Table 52.6Risk factors for candidiasis and aspergillosis after HSCTCandidiasisAspergillosisPre-AzoleAzole RxEarlyLateIncreased ageYesYesNoYesUnrelated donorYesNoNoYesGVHDYesNoNoYesCorticosteroidsYesNoNoYesNeutropeniaYesYesYesNoSeason (summer)NoNoYesNoConcomitant infectionYesYesYesYesLAFNoNoYesNoConstructionNoNoNoYesCMV positiveYesYesYesYes^a^Multivariate analysis

CVC are a major source of BSI in the neutropenic patient population \[[@CR19], [@CR159], [@CR160]\]. The hub/lumen of the tunneled catheter is believed to be the major site of colonization, and the source of the catheter-related bloodstream infections (CRBSI). CRBSI are most commonly caused by coagulase-negative staphylococci, *S. aureus* and *Candida* spp., and less common organisms including *Bacillus* spp., *Corynebacterium* JK, enterococci (including VRE), rapidly growing mycobacteria, and non-fermentative gram-negative bacilli \[[@CR159]\].

Determination of the true role of the CVC in a CRBSI is difficult unless there is evidence of tunnel or entry-site inflammation caused by the same organism. Most BSI that occur in patients with a hematological malignancy can be effectively treated without catheter removal. This clinical experience suggests that most of these BSI do not actually originate or involve the catheter \[[@CR11], [@CR13], [@CR159]\]. However, immediate catheter removal is recommended for those patients with BSI caused by fungi, nontuberculosis mycobacterium (*M. fortuitum* complex and *M. chelonae*/abscessus group), and VRE because of the consistent lack of infection response until this device is discontinued \[[@CR11], [@CR13], [@CR159]\]. Persistent BSI are also more frequent if the catheter is not removed when the bloodstream pathogen is a *Bacillus* sp., *C. jeikeium*, *S. aureus*, *P. aeruginosa*, or *Stenotrophomonas maltophilia* \[[@CR11], [@CR13], [@CR159]\]. Most other BSI can initially be treated with pathogen-specific antibiotics, but catheter removal should be considered when the BSI persists beyond 48 h and no other site of infection is identified. One additional caveat is that the CVC should be considered a potential site of infection for those bacteremias that recur shortly after completing a course of antibiotics \[[@CR159]\].

There is inadequate data to support the recommendation that antibiotic administration be alternated through the different catheter lumens \[[@CR160], [@CR161]\]. One must believe that if the catheter is truly the source of infection then in most situations antibiotics will have a very low chance of sterilizing the CVC. Thus effective infection management for CRBSI would demand catheter removal.

Controversy continues around the clinical usefulness of attempting to confirm involvement of the catheter in BSI where other sites of infection are absent. The most useful diagnostic tool for attempting to diagnose a CRBSI is the differential time to positivity (DPT) of blood cultures drawn simultaneously through the catheter and peripheral vein \[[@CR159], [@CR162]--[@CR165]\]. Quantitative blood cultures have also been recommended in the past, but they are not routinely recommended because of their cost and limited clinical utility \[[@CR159]\]. The premise of the DPT test is that if the catheter is the source of the BSI then the concentration of organisms in the catheter will be higher than in the peripheral blood, and blood cultures drawn from the CVC will become positive more quickly. Studies suggest that a CVC blood culture that becomes positive at least 120 min earlier than a simultaneously drawn peripheral vein blood indicates the catheter to be the likely source of infection \[[@CR165]\]. Once antibiotics have been started, DPT testing is likely less reliable.

The need for catheter removal is an important clinical consideration in the management of most CRBSIs, and forms the justification for attempting to define the role of the catheter in the BSI. The controversy that surrounds the need to define the role of the catheter in these infections is because decisions to remove the catheter are rarely made based on laboratory documentation of catheter involvement, but rather based on the specific organism(s) isolated, or the presence of a tunnel infection \[[@CR11], [@CR13], [@CR159]\].

In some patients catheter removal is not clinically feasible because of thrombocytopenia, enhanced hazards associated with reimplantation during neutropenia, the absence of other vascular access sites, or the presence of progressive or refractory cancer. In these complex cases where the catheter is to be retained, it is prudent to prolong the duration of IV antimicrobial therapy. Anecdotal data have suggested that antibiotic lock therapy might be useful in salvaging some of these infected CVC, but this strategy is not routinely recommended.

The duration of systemic antimicrobial therapy when a CRBSI is suspected depends on several factors including catheter removal or retention, response to antimicrobial therapy within the first 48--72 h (resolution of fever and bacteremia), and the development of other complications (deep tissue infection, septic thrombosis, or endocarditis) \[[@CR11], [@CR13], [@CR159]\]. In general, for organisms other than coagulase-negative staphylococci, a 14-day course of systemic antimicrobial therapy is adequate in a patient with neutropenia assuming the patient responds to antimicrobial therapy within 48--72 h, and the CRBSI is not complicated by a deep tissue infection. However, a recent study was suggested that *S. aureus* CRBSI in cancer patients (including neutropenic patients) may benefit from durations of therapy that are longer than 2 weeks because of the increased risk of complications with shorter treatment courses \[[@CR166]\]. CRBSI from any pathogen that is complicated by disseminated or deep infection requires at least 4--6 weeks of antimicrobial therapy \[[@CR11], [@CR13], [@CR159]\].

Site of Care for Patients with Fever and Neutropenia {#Sec16}
====================================================

There is increasing acceptance that some "low-risk" patients with fever and neutropenia can be safely managed as outpatients, or with shortened hospital stays \[[@CR11], [@CR13], [@CR166], [@CR167]\]. The development of validated risk assessment model has been helpful in these clinical decisions, but in general, most models have excluded patients with acute leukemia undergoing induction therapy, or HSCT recipients from the "low-risk" patient group \[[@CR7]\].

Effective outpatient therapy requires the treating physician and cancer center to have implemented an infrastructure for patient care and monitoring that is available 24 h/day, 7 days a week. Healthcare providers who are trained to manage these complex patients should perform patient assessment and monitoring. Success of this approach will also depend on patient and family education, and the physician's willingness to recommend hospitalization if the patient's clinical condition changes or the patient and family request such care.

Outpatient antibiotic treatment may consist of broad-spectrum intravenous antibiotics given at home, once-daily broad-spectrum antibiotics given at home or in the clinic, or a combination of oral agents. The present data suggest that if an oral regimen is considered then the combination of a fluoroquinolone (ciprofloxacin) and an agent with enhanced gram-positive activity (amoxicillin/potassium clavulanate \[Augmentin\] or clindamycin) is recommended \[[@CR11], [@CR13]\]. Levofloxacin is frequently utilized, but has not been carefully studied. The anti-pseudomonal activity of levofloxacin at a daily dose of 500 mg is probably inadequate, and higher bactericidal drug concentrations can be achieved with a daily dose of 750 mg.

Lack of Clinical Response to Initial Empiric Therapy {#Sec17}
====================================================

Management of patients with documented or undocumented infection that do not clinically respond to antimicrobial therapy can be challenging \[[@CR168]--[@CR171]\]. The lack of response maybe the result of a pathogen being resistant to the empiric antimicrobial regimen; inadequate serum or tissue levels of the antibiotics; infection at a vascular site (e.g., catheter) or closed space; the emergence of a second infection; or an unusually slow clinical response. Resolutions of fever in patients who are neutropenic are often delayed. Elting et al. reviewed 488 episodes of fever and neutropenia. The median time to fever resolution ranged from 5 to 7 days, and less than 40 % of patients became afebrile before day 5 of therapy \[[@CR168]\]. Patients with gram-negative BSI were febrile longer (mean, 6.6--8.2 days), and the time to fever defervescence was even longer for patients with gram-positive BSI (mean, 6.6--12.4 days). These results are consistent with the findings published by Freifeld et al. who reported that fever persisted a mean of 4 days with ceftazidime therapy, and 3 days when patients were treated with imipenem \[[@CR169]\]. Thus, fevers maybe prolonged even when patient is clinically improved, but fever response varies depending upon the specific antibiotic regimen, the site of infection, and the infecting pathogen.

Patients in whom fever persists after 4--5 days of initial antimicrobial therapy should undergo a careful reassessment, and an infectious diseases consultation maybe helpful. Broad-spectrum antibiotics should likely be maximized, but where possible the antibiotics should be adjusted to minimize organ toxicity. The need for additional changes in the empiric therapy should carefully consider the patient's clinical status and the likelihood of early marrow recovery. Although fever resolution may be slow, persistent fever raises concern about an inadequately treated infection \[[@CR1], [@CR2], [@CR170]--[@CR172]\].

Early discontinuation of antibiotics is strongly discouraged in patients when fever and neutropenia persist. In these cases, the clinician should search for additional sources of infection, and CT scans of the chest and/or sinuses may help to identify occult invasive fungal disease. It is clear that patients with persistent marrow suppression are at high-risk for recurrent fever, and/or persistence of "initial infections" or the development of "subsequent infections" \[[@CR11], [@CR13], [@CR16], [@CR170]--[@CR172]\]. Thus antibiotics should be continued until there is evidence of marrow recovery. Clinically stable but febrile patients can be followed carefully without adjusting their antimicrobial treatment. For patients who are persistently febrile and clinically unstable, additional gram-negative bacillary coverage, empiric vancomycin, or empiric broad-spectrum antifungal therapy should be considered. However, most physicians begin to consider the use of empiric antifungal therapy (voriconazole, micafungin, or AmBisome) if a patient's fever persists beyond 4--6 days of appropriate antibacterial antibiotics \[[@CR11], [@CR13]\].

Empiric or Preemptive Antifungal Therapy {#Sec18}
========================================

"Empiric" antifungal therapy in this chapter refers to initiation of an antifungal agent at the first evidence of fungal infection, usually persistent or recrudescent fever on or after day 4--6 of empiric antibiotic therapy \[[@CR1], [@CR2]\]. "Preemptive" antifungal therapy refers to targeted treatment administered to only those patients with additional findings suggesting invasive fungal infection, such as positive serological tests or abnormal chest CT scan.

Patients with prolonged neutropenia who have received intensive cytotoxic chemotherapy are at risk for invasive fungal infection \[[@CR173], [@CR174]\]. Yeast (primarily *Candida* spp.) and molds typically cause these "subsequent infections," and they are often heralded by persistent or recurrent fever \[[@CR16]\]. Since *Candida* spp. are ubiquitous colonizers of human mucosal surfaces, they may cause mucosal invasion and BSI. Azole prophylaxis has significantly reduced the incidence of invasive *C. albicans* infections, but breakthrough infections due to azole-resistant yeast still occur \[[@CR175]\].

Invasive mold infections including aspergillosis (the most common invasive mold infection), zygomycosis, and fusariosis occur almost exclusively in high-risk patients with profound neutropenia (≤100 neutrophils/mm^3^) that has lasted longer than 10 days. At greatest risk are those patients treated for acute myelogenous leukemia for which the incidence of invasive mold infections is 20 times more frequent than what is reported for patients with non-Hodgkins lymphoma and multiple myeloma \[[@CR175]\]. Clinical manifestations of occult fungal infection are nonspecific, and because diagnosis of invasive fungal infections is especially difficult, empiric antifungal therapy instituted for persistent neutropenic fever has been the standard approach for several decades \[[@CR1], [@CR2], [@CR171]\]. Using these very broad and nonspecific criteria, approximately 22--34 % of neutropenic cancer patients may receive antifungal treatment, but only about 4 % of such patients will ever have an invasive fungal infection identified \[[@CR176]--[@CR181]\]. The choice of empiric antifungal agent must consider not only the most likely fungal pathogens, but also toxicities of the therapy and cost. If antifungal prophylaxis has not been given, then an invasive candida infection is the most likely explanation. For patients receiving fluconazole prophylaxis, fluconazole-resistant candida infections, such as *C. krusei* or *C. glabrata*, or an invasive mold infection, are the most common pathogens.

Amphotericin B desoxycholate has historically been the standard empiric antifungal choice, but a number of other antifungal agents including liposomal amphotericin B, itraconazole, voriconazole, and caspofungin appear to be as effective as amphotericin B, and are significantly less toxic \[[@CR86], [@CR176]--[@CR180]\]. There are insufficient data upon which to base a specific empiric antifungal recommendation for patients already receiving mold-active prophylaxis, but a switch to an IV anti-mold agent within a different antifungal class seems prudent. In the absence of CT scan changes and low serum levels of azole prophylaxis, continuing the same mold-active prophylaxis at a higher dosage may also be an acceptable alternative \[[@CR91], [@CR92], [@CR181], [@CR182]\].

The development of tests that may detect early fungal infections has prompted an interest in moving away from mandatory empiric antifungal therapy to focused preemptive antifungal treatment. Attempts to date to employ preemptive antifungal therapy have relied on serial serum testing for fungal antigens or DNA, and high-resolution chest CT scan.

Two serum fungal diagnostic tests, the β-(1-3)-[d]{.smallcaps} glucan and the galactomannan test, have been reported to aid in the detection of common invasive fungal infections. The sensitivity of a single serum test using either technique is extremely low, and thus a single negative result should not be used to rule out the diagnosis of an invasive fungal infection. Serial serum monitoring could be used to guide initiation of preemptive antifungal therapy in high-risk patients, but are not recommended for patients at low-risk for invasive fungal infections.

The β-(1-3)-[d]{.smallcaps} glucan test detects most of the relevant fungal pathogens, including *Candida* spp., *Aspergillus* spp., *Pneumocystis* spp., and *Fusarium* spp., but not the zygomycetes or *Cryptococcus* spp. \[[@CR183]--[@CR185]\]. β-(1-3)-[d]{.smallcaps} glucan assay was reported in small studies of patients with acute leukemia and myelodysplastic syndrome undergoing therapy to provide early detection of fungal infections, including candidiasis, fusariosis, trichosporonosis, and aspergillosis \[[@CR183], [@CR185]\]. A positive test preceded clinical symptoms of invasive fungal infection in many but not all patients. Experience with use of the β-(1-3)-[d]{.smallcaps} glucan assay in HSCT recipients is limited, and hemodialysis, hemolysis, serum turbidity, hyperlipidemia, visible bilirubin, use of blood products including immunoglobulin and albumin, bacteremia, and the specimen's exposure to gauze may confound interpretation of the test \[[@CR183], [@CR185]\].

The galactomannan assay detects only *Aspergillus* spp. and *Penicillium* spp., a rare pathogen that on occasion can be invasive \[[@CR186]\]. In studies of galactomannan testing the sensitivity has ranged widely among different patient populations \[[@CR186], [@CR187]\]. In patients with hematological malignancies or HSCT recipients, galactomannan sensitivity ranged from 58 to 65 % and specificity from 65 to 95 %. The recently reported BMT-CTN prophylaxis trial employed twice-weekly serial galactomannan tests as part of the treatment algorithm \[[@CR96]\]. Despite this level of serum galactomannan surveillance, only 56 % of the documented invasive aspergillus infections were detected serum surveillance. When galactomannan tests in this trial did become positive, this occurred a median of only 2 days before the infection was clinically detected \[[@CR96]\]. The performance of the galactomannan assay may also be confounded by concomitant use of β-lactam/β-lactamase combinations such as piperacillin--tazobactam (false positives) and anti-mold antifungal agents have been associated with an increase in false-negative results \[[@CR188]\].

Chest CT scans may reveal abnormalities in either the lungs or the sinuses that may suggest occult fungal infection. Macro nodules with or without a halo sign are the most typical findings of invasive aspergillosis on chest CT scans \[[@CR189]--[@CR191]\]. The halo sign represents edema or blood surrounding the ­nodule, and may occur as either an early or late radiographic finding. Other manifestations include nodule(s), wedge-shaped peripheral pneumonitis, or cavitary lesion(s). An air-crescent sign is insensitive and generally appears late if at all.

Preemptive antifungal management, using a combination of clinical symptoms, serological tests, and chest CT scans, has been tested \[[@CR192]\]. Maertens et al. used serial serum galactomannan tests and early CT scanning combined with a preemptive treatment algorithm \[[@CR193]\]. The preemptive treatment approach resulted in a decrease in the need for empiric antifungal treatment from 35 % vs. 8 %, and overall patient survival was similar to that reported with empiric antifungal therapy. More recently, Cordonnier et al. performed a randomized trial that suggests that preemptive antifungal therapy may be potentially a safe alternative to empiric antifungal therapy, for a select group of high-risk neutropenic patients that does not include allogeneic transplant recipients \[[@CR194]\]. Preemptive therapy in this trial was initiated for clinical symptoms, a chest CT scan that suggested an invasive fungal infection, and/or mycological evidence such as Aspergillus colonization or a positive galactomannan test. Overall survival was similar for both treatment groups, but there were more episodes of invasive fungal infections and a trend toward more fungal-related deaths in those patients treated with preemptive therapy. Finally, Hebart and colleagues compared empiric antifungal therapy versus PCR-driven preemptive antifungal therapy in patients receiving anti-yeast prophylaxis after allogeneic stem cell transplant \[[@CR195]\]. This study demonstrated an increased use of antifungal therapy, and a reduced 30-day mortality in the PCR-driven arm, but no differences were reported in the incidence of invasive fungal infections or 100-day survival.

A number of important issues regarding preemptive therapy remain unanswered and require further study. These include the optimal trigger for treatment (clinical or radiological manifestations versus a serum biomarker), which biomarker should be used (antigen or PCR test), timing (early before clinical manifestations or late after clinical manifestations), and which antibiotics provide the most appropriate spectrum of antifungal activity \[[@CR196]--[@CR199]\]. Another important unresolved question is the safety of using preemptive antifungal treatment in patients who are already receiving anti-mold prophylaxis. Though attractive, preemptive antifungal therapy currently remains largely experimental and is not recommended as standard of practice.

Evaluation and Management of Fungal Infections {#Sec19}
==============================================

Invasive fungal infections remain important problems for patients with hematological malignancies and neutropenia \[[@CR1], [@CR2], [@CR33], [@CR34], [@CR169], [@CR200]\]. Several studies have reported progressive increases in the incidence of candidiasis, aspergillus, and other mold infections including zygomycetes, fusarium, pseudoallescheria/scedosporium, and others \[[@CR201]\]. *Candida* spp. are endogenous pathogens to many patients with a hematological malignancy or may be acquired from a wide range of exogenous sources. Mold infections are primarily acquired by the inhalation of aerosolized spores, but additional studies have documented the importance of aerosolized contaminated water sources \[[@CR202]\]. The diagnosis of candidiasis and mold infections continues to rely on the recovery of a specific pathogen from cultures of the blood, or identification by culture or histology from tissue samples. Rapid diagnosis of these infections using serum antigen detection as a surrogate marker for invasive disease remains a high priority, but as noted previously this goal has not yet been met \[[@CR203]--[@CR205]\]. Despite recent advances, aspergillosis remains the primary cause of infection-associated death after allogeneic transplantation and induction therapy for acute leukemia (Table [52.6](#Tab6){ref-type="table"}).

Candidiasis {#Sec20}
-----------

Candidemia in neutropenic patients is a life-threatening infection that is associated with acute disseminated candidiasis, a sepsis-like syndrome, multiorgan failure, and death. The incidence of candidiasis has been well documented both before and after the routine use of azole antifungal prophylaxis \[[@CR37]\]. Viscoli and coworkers reported the occurrence of candidemia in cancer patients \[[@CR206]\]. The overall 30-day mortality rate for infected patients was 39 %, and the factors of increased age and stage of disease, the occurrence of septic shock, and the lack of antifungal prophylaxis were associated with an increase in infection-associated death \[[@CR206]\]. *C. albicans* was the most common species identified, but the recovery of nonalbicans species was increased in patients with a hematological malignancy who had received azole prophylaxis. Goodrich and colleagues reported that invasive candida infections occurred in 14 % of transplant recipients before fluconazole prophylaxis was routinely being used. *C. albicans* (62 %) and *C. tropicalis* (21 %) were the most commonly isolated species, the median time to the development of a *Candida* spp. BSI was 15 days after transplantation, and these infections had an attributable mortality of 39 % that increased to 88 % when patients had documented Candida tissue invasion \[[@CR70]\]. The incidence of invasive candida infections following the introduction of fluconazole prophylaxis decreased to 4.7 %. Infections occurred later after transplant (median of 28 days after transplantation), and they were associated with a slightly lower (20 %) mortality rate \[[@CR37]\]. Nonalbicans Candida species were more likely to be isolated with *C. glabrata*, and *C. krusei* being most common. *C. albicans* resistance to fluconazole was modest and identified among 5.3 % of *C. albicans* isolates \[[@CR37]\].

Treatment of invasive candida infections has evolved with the introduction of new classes of antifungal therapy \[[@CR207], [@CR208]\]. Unfortunately, there are no randomized controlled trials of treatment of candidemia in patients with neutropenia, and thus most treatment recommendations are derived from small single-arm studies or subsets of larger randomized trials. Most new antifungal agents are reported to provide success response rates of 55--65 %, but the clinical outcome of these infections is highly dependent on neutrophil recovery \[[@CR209]--[@CR214]\]. The IDSA now recommend that an echinocandidin (e.g., caspofungin, anidulafungin, or micafungin) or lipid formulation of amphotericin B be utilized as a first-line therapy for most invasive candida infections \[[@CR207]\]. Duration of therapy is dependent on the patient's disease and neutrophil recovery, but minimum therapy for uncomplicated infections is 2 weeks after documented clearance of candida from the blood and resolution of infection-associated symptoms \[[@CR11]--[@CR13], [@CR215]\].

Aspergillosis and Other Mold Infections {#Sec21}
---------------------------------------

Aspergillus infections involve primarily the respiratory tract (lung and sinuses), but disseminated infection to the central nervous system and other end organs is well described \[[@CR33]--[@CR36], [@CR173]\]. While invasive infection of the lungs is common, the true incidence of sinus involvement in HSCT recipients is unknown. Extra pulmonary spread of aspergillus is more common when infections occur during periods of neutropenia, while nonneutropenic aspergillus pneumonia is more likely to present with progressive diffuse pneumonitis. *Aspergillus fumigatus* and *flavus* are the most frequent clinically important species isolated, but other aspergillus species that are much less common, maybe invasive, but often have less predictable antifungal susceptibilities.

The occurrence of aspergillus infections and critical predisposing factors are clearly outlined by the clinical pattern of aspergillosis after HSCT \[[@CR33]--[@CR36], [@CR95]\]. The pathophysiological conditions and periods that define these infections begin with neutropenia during the preengraftment period (Table [52.6](#Tab6){ref-type="table"}). The second period of infection spans day 40--120 posttransplantation when patients suffer from a cellular immune defect induced primarily by acute graft versus host disease (GVHD), and/or the immunosuppressant therapy needed to control GVHD. The third period of aspergillus infection occurs late after transplantation and these infections are correlated with late-CMV disease and chronic GVHD. These later entities are surrogate markers of delayed immune reconstitution after transplantation. Mortality with invasive aspergillus after transplantation has historically been very high, ranging from 60 to 88 %, and similar for all three-infection periods \[[@CR1], [@CR2], [@CR33]--[@CR36]\]. Clinical characteristics and outcomes of aspergillus infections among patients with a hematological malignancy treated with conventional therapy are similar to HSCT recipients \[[@CR35]\]. Pulmonary involvement is seen in most cases (87 %), infection of the sinuses/nose occurs in 16 % of cases, and dissemination to the brain occurs in 8 % of infected patients \[[@CR35], [@CR216], [@CR217]\]. Mortality has also been very high (64 %) for this patient population, although slightly lower death rates have been reported for patients with AML who experience resolution of their neutropenia (30--40 %) \[[@CR1], [@CR2], [@CR217]\].

Diagnosis, prevention, and treatment of aspergillus infections remain inadequate. Diagnosis is dependent on a high index of suspicion and recovery of the infecting organism by histology or microbiology from tissue specimens or pulmonary or sinus lavage. Results of galactomannan assays as a tool for early detection are controversial but a positive result has been associated with high specificity \[[@CR203]\]. While surveillance cultures are no longer utilized, the isolation of *A. fumigatus* or *flavus* in respiratory specimens or nasal secretions has been shown to be highly predictive of present or future invasive aspergillus infections \[[@CR1], [@CR2]\]. Mucosal eschars along the nasal septum are important clinical clues to the diagnosis of aspergillus sinusitis. Biopsy and culture of such lesions are always indicated. If nasal lesions are not observed, but CT scans show sinusitis, then sinus lavage and biopsy may establish the presence of fungal pathogens and preclude the need for further diagnostic procedures.

BAL is the standard approach for initial evaluation of pulmonary lesions, but a BAL is a less sensitive procedure if the pulmonary lesions are focal, small, and/or peripherally located. The sensitivity of a BAL to diagnose Aspergillus is at best 50--60 %, and thus a negative procedure does not exclude the diagnosis of Aspergillus \[[@CR218]--[@CR220]\]. Preliminary work has suggested that galactomannan detection in BAL fluid may be a useful adjunct, and early results suggest excellent specificity and improved sensitivity when compared to serum testing (80 % vs. 50 % respectively) \[[@CR218]\]. PCR assays for fungal detection in blood and BAL fluid are also being developed and tested, but none are commercially available \[[@CR221]\]. Open lung biopsy is usually reserved for patients with a negative BAL, or for patients in which the disease is progressive and a diagnosis must be immediately established. A thoracoscopic approach is utilized when possible because of lowered procedure morbidity, but tissue biopsy from both peripheral and central areas of abnormal lung are ­recommended because of the focal nature of Aspergillus infections.

Treatment of established Aspergillus infection has improved but remains inadequate. Early diagnosis and treatment remains critical, as does resolution of neutropenia or other immunosuppression. Prolonged (8--10 weeks) and high-dose (1.0--1.5 mg/kg/day) amphotericin B or an equivalent dose of a lipid formulation of amphotericin B was standard initial treatment until voriconazole was developed and tested \[[@CR222]\]. Early this decade Herbecht et al. studied patients with hematological malignancy and HSCT recipients who were infected with aspergillus. Study participants were randomized to treatment with voriconazole or amphotericin B desoxycolate \[[@CR223]\]. Voriconazole recipients had improved survival (71 % vs. 58 %) and improved overall infection response rates (53 % vs. 32 %). Even more important was the finding that voriconazole efficacy was maintained for infected patients with persistent neutropenia or for allogeneic transplant recipients. Voriconazole-associated toxicity was less than what was seen with amphotericin B desoxycolate, and now voriconazole is the recommended first-line therapy for aspergillosis.

The echinocandins are a class of antifungal agents with enhanced activity against Aspergillus and fluconazole-resistant yeast, but lack activity against the zygomycetes (*Rhizopus*/*Mucor*) \[[@CR224]\]. Caspofungin, the first of the class to receive FDA approval demonstrated approximately a 40 % response rate among patients with aspergillosis who were found to be intolerant or refractory to conventional therapy \[[@CR224]\]. Toxicity with these agents has been relatively low, and preliminary in vitro and preclinical animal studies suggest that echinocandins may be excellent agents for use in combination with an azole or amphotericin B product to enhance the antifungal efficacy \[[@CR225], [@CR226]\].

Posaconazole, another azole antifungal antibiotic with enhanced activity against Aspergillus, is available in only an oral formulation. Posaconazole has shown encouraging activity as salvage therapy for aspergillosis, but more importantly it appears to have substantial clinical efficacy as treatment for infections caused by zygomycetes \[[@CR227]--[@CR230]\].

The role of surgery as an adjunct to antimicrobial treatment for pulmonary Aspergillus remains controversial, but a published analysis showed little survival benefit if surgical resection of the clinically apparent infection was performed \[[@CR231]\]. The role of surgery for localized skin and soft tissue, bone and isolated CNS lesions remains unclear and controversial, but could be considered for selected patients based on their clinical status and infection \[[@CR228], [@CR232]\].

The management of invasive aspergillus and mold fungal infections in patients with hematological malignancy or after HSCT continues to raise several critical clinical questions including: What is the optimal antifungal treatment for clinical infections without a documented fungal pathogen?What is the role for combinations of antifungal antibiotics?Is amphotericin-B still the treatment of choice for zygomycetes infections?Can azole antifungal agents with anti-mold activity be used safely when administered concomitantly with immunosuppressant agents including tacrolimus and sirolimus.

A new fever coupled with a pulmonary nodule or infiltrate that develops during antibiotic treatment of fever and neutropenia is suggestive of a mold infection. Aspergillus is by far the most common mold, but other molds including ­zygomycetes (mucor/rhizopus and others resistant to ­voriconazole), fusarium, and pseudoallescheria/scedosporium must be considered. The clinical presentations of these different molds are quite similar, and one factor that has been identified as a risk factor for zygomycosis is voriconazole prophylaxis or treatment. Most experts believe that empiric treatment that is to be directed primarily against aspergillosis should consist of voriconazole \[[@CR222], [@CR223]\]. Voriconazole has a much lower toxicity profile than amphotericin B products, and unlike posaconazole is available in both an oral and IV formulation. Unfortunately, voriconazole lacks antimicrobial activity against zygomycosis and for patients already receiving voriconazole the clinician must then consider the need for empiric coverage of zygomycetes \[[@CR233]--[@CR235]\]. The decision to prescribe treatment directed against zygomycosis has in the past relied exclusively on an amphotericin B products, but posaconazole maybe now a more attractive treatment alternative for such infections \[[@CR235], [@CR236]\].

It is not known which empiric antifungal regimen results in the best patient outcomes. Invasive mold infections may progress quickly during periods of neutropenia, and thus despite the lack of definitive prospective data the concept of empiric combination antifungal therapy has become clinically attractive but remains controversial \[[@CR237]--[@CR239]\]. Evidence from animal studies of invasive aspergillosis suggests that the combination of an azole and echinocandin is superior to treatment with an azole alone. Retrospective clinical studies in humans also provide some additional support for combination therapy \[[@CR237]--[@CR239]\]. The primary arguments against combination therapy rest with concern about toxicity and cost. Despite these issues many experts frequently will prescribe initial treatment with voriconazole plus caspofungin, or liposomal amphotericin B and caspofungin \[[@CR240]\]. Combination of agents from all three classes (an azole, amphotericin B, and echinocandin) of antifungal therapy could be combined, but there are animal model and laboratory data that suggest potential antagonism when such combinations are utilized. To date there are no clinical data that support or refute such combination treatment.

Not all patients with invasive aspergillosis will respond to treatment with azole antibiotics like voriconazole or posaconazole. One possible explanation for this clinical failure maybe that not all patients achieve adequate serum levels with the oral formulation of these medications \[[@CR182], [@CR241], [@CR242]\]. There is ample evidence showing inter-individual variability when oral voriconazole dosing is utilized, and this has resulted in the recommendation that voriconazole or posaconazole serum levels be monitored in patients whose infections appears to be failing to respond. However, clinical availability of voriconazole and posaconazole serum levels in many centers is limited, and thus some experts just increase the administered daily voriconazole or posaconazole dose, or switch to IV voriconazole therapy when there is concern about a patient's clinical response or a patient's absorption of oral medications is questioned.

Empiric treatment does not replace the need for implementation of aggressive methods to identify a specific etiological diagnosis, and thus many of these patients must undergo additional diagnostic procedures to identify the pathogenic organism. This is even more important as we have to consider pathogen-specific therapy for infections caused by pathogens like the zygomycetes. Amphotericin B desoxycolate and lipid formulation products have been the gold standard for the treatment of zygomycosis, but clinical results have been very disappointing \[[@CR222], [@CR235]\]. Some experts believe that the poor clinical response with amphotericin B therapy is a reflection of insufficient dosage, but randomized studies have reported that 10 mg/kg/day of liposomal amphotericin B to be no more effective than 3 mg/kg/day when treating confirmed mold infections \[[@CR240]\]. Posaconazole has activity against many of the zygomycetes, and based on early anecdotal experience suggesting success makes posaconazole therapy a potentially attractive and less toxic alternative to amphotericin B treatment \[[@CR236]\].

Finally is the question pertaining to the concomitant use of azole antifungal agents and immunosuppressive agents like cyclosporine, tacrolimus, or sirolimus. Such combination therapy with cyclosporine and tacrolimus can be challenging, but schemes that define appropriate dose adjustment have been developed that allows the successful co-administration of azole antifungal agents and some of the calcineurin inhibitors when frequent monitoring of serum levels is incorporated into the patient's clinical care. The more difficult clinical scenario is the management of patients who are to receive concomitant voriconazole or posaconazole and sirolimus. There is a package insert "black box warning" that emphasizes the deleterious interaction between these drugs, and it is well known that voriconazole therapy significantly increases the serum levels of sirolimus \[[@CR243]\]. Yet, the need to prescribe voriconazole/posaconazole for some patients receiving sirolimus is critical. Thus it is suggested that by reducing the sirolimus dose by 90 % and carefully monitoring serum levels, these agents can be successfully co-administrated.

Myeloid Colony-Stimulating Factors {#Sec22}
----------------------------------

Prophylactic use of myeloid colony-stimulating factors (CSFs) has been shown to reduce the incidence of neutropenic fever, and reduced infection-related mortality and ­all-cause mortality \[[@CR11], [@CR13], [@CR244], [@CR245]\]. Authoritative evidence-based guidelines have indicated that clinical benefits from prophylactic CSFs accrue when the risk of neutropenic fever associated with a chemotherapy regimen is 20 % or greater, unless the cancer treatment is symptomatic or palliative, or when dose reduction is the clinically appropriate approach \[[@CR246]--[@CR248]\]. Due to the high cost of CSFs, it is not clear that CSF prophylaxis given widely to all patients at the threshold of 20 % risk of fever and neutropenia is cost-effective for all healthcare markets \[[@CR249]--[@CR251]\]. If societal costs are considered, the economic impact of fever and neutropenia becomes more apparent, and it may be easier to recognize the cost-saving benefits of CSFs \[[@CR251]\]. Primary prophylaxis---the use of CSFs for prevention in the first cycle of treatment for many lymphoid hematological malignancies---does appear to reduce the incidence of fever and neutropenia and is likely to be most cost-effective. Primary CSF prophylaxis should not routinely be administered to patients with myeloid hematological malignancies. CSF prophylaxis should be preferentially considered for older patients, or if patients have additional infection risk factors, including prior episodes of fever and neutropenia, poor nutritional or performance status, no antibiotic prophylaxis, significant co-morbid medical conditions, or other modifying disease characteristics that suggests there is substantial risk of fever and/or severe infection during neutropenia \[[@CR252]--[@CR254]\]. Treatment with CSFs is not recommended when the risk of fever and neutropenia is 10 % or less. If given, CSF treatment should be started immediately after the chemotherapy is completed.

Myeloid CSFs are not recommended as adjuncts to antibiotics for treating established fever and neutropenia or infection \[[@CR255]--[@CR258]\]. Although days of neutropenia, duration of fever, and length of hospital stay have been minimally decreased in some randomized studies, the actual clinical benefit of these reductions has been quite small and none of the studies have demonstrated a survival benefit with therapeutic CSFs \[[@CR255]--[@CR258]\]. Thus, given the cost and adverse effects of the CSFs, and the lack of consistent clinical efficacy, the addition of G-CSF or GM-CSF at the onset of fever and neutropenia is not recommended.

Summary {#Sec23}
=======

The morbidity and mortality of "initial infections" for patients with a hematological malignancy have dramatically decreased, but during this same time period there has been the emergence of antibiotic-resistant bacteria, and a significant increase in the incidence of fungal infections. Antibiotics have improved and in general are less toxic than their ancestors. Progress has been made in the area of prophylaxis of *Candida albicans* infections and potentially aspergillosis. Yet, patients now are at an increased risk of nonalbicans yeast infections and the mortality from mold infections (e.g., aspergillus, zygomycetes) remains significant. The promise of new diagnostic techniques, additional antimicrobial agents, and strategies for treatment and prophylaxis of "high-risk" patients with hematological malignancy holds the potential that cancer treatment for such patients may be safer in the future. It is critical for the oncology team to remember that infections are a dynamic process and change is guaranteed. Physicians who manage patients with a hematological malignancy must not forget the value and importance of standard infection control measures. However, it will be a challenge to maintain such infection control approaches as the care of these patients continues to be transferred to an ambulatory/day hospital facility.
